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SUMMARY

INTRODUCTION

The study contained in this report is only one phase of a Foundational
Research progiraw establiehsd to dtern-Ine an optimum system for both ejec-
tion and nona-..Jecion type seat design for the attenuation of high G verti-
cal forces -which result from high impact landings or crashes. The program
consists of three phases:

PHASE I - To determine what, if any, correlation exists between humans
and anthropomorphic duimmies when subjected to crash forces for extrapolation
into the high impact region where only duies can be utilized.

PHASE I! - To determine the effects of various G loadings on the human
vertebra to show more clearly, the mechanisms responsible for spinal injury.

PHASE III - To determine systems and materials that can be used most
effectively to attenuate to a tolerable limit, the vertical forces imposed
by high impacts in both ejection and non-ejection type seats.

This interim report deals with Phase I. Although work in Phase I has not
been completed, this report is submitted to make available, information that
has been gathered to date. Future reports will be submitted as signifficant
phases of development are reached.

RESULTS AND CONCLUSIONS

Tests were conducted in which humans and dummies of like proportions
* were dropped simultaneously on the Aerospace Crew Equipmsent Department Verti-
* cal Drop Tower and decelerated under various controlled deceleration impulses.

Both dummies and humans were simlarly restrained in identical seats and
seated platforms. Body displacemente, at various pre-selected Doints were re-
corded by nigh speed motion picture cameras, wh.ich were analyzed later and
plotted by automstic readout equipment for comparison.

The thigh point and knee point of the 95 percentile human and duaray
both reached their peak displacvment (P.D.) atr.040 sec. The displacements
of both ari practically identical at the higher G levels. At the lower C
levels, the P.D. 's were, in almost all cases, no greater than 3/8" apart.
Therefore, it can be concluded that there is no significazt difference in the
response of the legs of both the human and dummny when -jubje-ted to a vertical
input while positioned in the normal ejection seat configuration.
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The results of the 5 and 50th percentile human and dummy thigh and
knee points are very similar, although not as conclusive as the 95 per-
centile data.

The shoulder point of the 95 percentile human reached its P.D. at
.080 sec.. This is attributed to the natural frequency of the human body,
and agrees with data contained in Report NAEC-ACEL-510. The .060 sec.
response time for the dumy evidences a more rigid body with a natzral fre-
quency higher than that of the human. It is clear that the dummy responds
to the input pulse quicker than the human, which is again due to the dumny
being a more rigid body. It is also interesting to note the similarity in
the general shape of the displacement-time curve which appears to contain
a double peak, particularly in those tests with a longez time pulse. The
shoulder point is the area where the greatest amount of displacement occurs
in the human. The dummy data shows that the head points resulted in the
largest displacements. This was because the dumy head joint was not
locked tight and was able to rotate ccmpletely forward. On the other hand,
the human, within the G levels tested, was able to maintain sufficipnt
-uscle control to keep his head back in aimost all cases. This also ex-
plains why the time to peak acceleration and P.D. for the dumy's head
varies. This variance is not as evident for the human. Further testing
with dummies will henceforth be done with the head joint sufficiently
tightened to preclude excessive rotation.

The displacement of the upper torso of the human varies considerably
from that of the dummy and cannot be correlated in any but a highly com-
plex way, if at all.

The dummy shoulder point teads to appzoach a maximum, as indicated by
the data up to the limits testedi. The human shoulder point continues dis-
placing as the load is increased. This data can be used for direct compari-
son only within the limits tested, Bused upon the experience gained frou
this study, it would be difficult to duplicate exactly, the motion of t-h=e
head and shoulder point-s under the same test conditions,becauze of the
following variables:

1. The position in which the subject places himself in the seat, es-

pecially how he holds or "hunches" his shculders.

2. The position in which the subject holds his head.

3. The degree of tightness with which the subject straps himself into
the seat.

4. The extent of the subjects muscular control during the decelera-
tion pulse.

- iv -
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The dynamics of the human body as it affect. the performance of pilot
ejection systems is considered to be very significant and as yet, unde-
termined. It is obvious that there is an important need for a dumy
with the same stiffness and dampening characteristics as a live human
being, in order to evaluate ejection seat systems properly for the use
to which they were intended. This also includes evaluation of all the
necessary support and restraint system components on the seat.

RECOMMATIONS

In order to obtain more complete information required to design
dummies to simulate the response of a human, it is recommended that fur-
ther research be directed toward the comparative study of impact response.
The results of such a study can also be used in the analysis of impact
energy absorption phenomena.

This activity is presently conducting a research program in conjunc-
tion with Technology Incorporated of Dayton, Ohio, to collect basic data
which may be used in the analysis of impact energy absorption phenomena
and the comparative study of inpact response of humans and .anthropomorphic
eumies. To accomplish this task, an experimental design has been es-
tablished, which is preseptly being implemented for the physical test
set-up, instrumetation reqirewnts and test procedares. Upon comple-
tion, live and dummy impact tests will be conducted on the ACED vertical
drop tower to obtain data for use in the development of a comuter program
to reflect the test facility characteristics and to yield ana3ytical Kdels
capable of duplicating force response for both humans and duamles. The
development of these models uill establish (1) the capability of computing
the dynamic force geverated between the human body and its supporc system
for any applied acceleration environment; and (2) the difference between
the dynamic response of the dummy and the human body.
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I DISCUSS ION

These tests are being conducted to determine the reactions of anthro-
pomorphic duimes and humans of similar proportions when subjected to
vertical crash type loads under identical test conditions. In this phase
of the program, we are gathering data to determine the physical displace-
aents that rake place to compare the notion of the huian and the duy.
It was hoped that sme correlation would exist so that we may be able to
obtain the motion that the humsn undergoes at the higher G levels which
cannot be live tested. Since all ejection seat test work is accompliahed
with the similar anthropomorphic dummies, it is of great interest to be
able to determine the effect upon the seat system performance character-
istics when thz dummy is replaced with a human.

Before live testing could begin, it was necessary to calibrate the
Drop Tower. The calibra*'on consisted of determining the proper drop
weight and arresting force combination to insure close control of the
desired G level and the proper drop height to insure close control of
the time duration of the deceleration pulse.

After the final payload was determined, an arrange-ent of arresting
straps was selected and a series of drop tests were conducted at various
heights. This was repeated for each required G level. Utilizing the
maximm drop weight allowable an4 the limited number of various straps
available, the G levels obtained were 4.9, 7.1, 9.0 and 10. Using known
parameters of G, time and height, a family of curves were drawn for deter-
mining height required to produce a desired tize pulse for the four dif-
ferent G levels tested.

A test stand was designed and constructid to allow the mounting of
two A4D ejection seats back-to-back (Figure No. 1). The A4D seats were
chosen because they are light in weight and were readily available. Both
the live subjects and the dumies were seated on identical type rigid seat
survival kits.

instrumantation consisted of the followIng: A total of four acceler-
ometers wc::-! placed on the duimy. Two were located in the dummy's head
and two in the chest cavity which measured vertical and horizontal decel-
erations. There wau only one accelerometer placed on the l ".e subject.
This was attached firmly on the subject's head and held in place by the
helmet, which was drilled, allowing the accelerometer to protrude through.
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ji This was the only location considered feasible for placing an accelerometer
on the live subject, because of the inability to fix the accelerometer to
other parts of the body in a way which would prevent relative cotion be-
tween it and the body during the deceleration. An accelez-eter was placed
on the deck of the drop cart, between the two seats. A velocity pick-up
was installed to measure the drop cart speed at izact.

The first live testing on the ACED vertical drop to4ier facility was
accomplished during this Phase I progran. The first drop test was made by
the author to determine an adeguate test procedure, to check out instru-
nentation and photographic coverage, and to experience the physiological
factors involved.

Higb speed =tion picture camera techniques were eployed to detect
body ,vmwents d-ing the deceleration i=puise. Three iilliken 400 FPS
canrs; weze poritI ned on the drop cart, such that one camera covered the
live subject, one the du=mT., and the third the shoulder =otions of both
dumy and live subject. Stri.be iights were ounted behind each seat to
record, on film, the start of the dec-leration iz !se. both were actuated
at exrctly tho same t-ie by a single s&tch at the instant of i-pact.

Three zubjcct&, representing approximately, 20th, 65th and 95th per-
centiles, volunteered tu ccoelete a smies of four dr-op tests each. All
were subjected to the same four tests, which were programed as follows:

G-Level ie utinlmpact Velocity

4.9 .330 Sec. 44 F.P.S.
7.1 .250 Sec. 44 F.? S.
9.0 .??60 Sec. 30 F.?.S.

10 .140 Sec. 30 F.P.S.

Each of the test subjects had reference =arks placed on his body at
four different locations for film analysis of body displacemoets:

I. Forehead (Frontal Ridge)

2. Shoulder (Acromian Pivcess)

3. Thigh - 1/3 dista-e between knee and greater trochanter

4. Knee (Lateral aspect of the Patella)

-2-
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In addition to these four reference matks, the eye and the tip of the nose
were also used as refefence marks to detect body displacement. Similar
marks were placed on the dummy in approximately the same locations, with
the exception of the temple, which wis not marked on the dummy.

The high speed films were analyzed on a 16M Boscar ?ilm Analyzer
to detect body movement at each of the six reference points. Each poirt
was recorded every eight frames for the first 56 frames; then every 25
frames till motion ceased. At the moment of impact (indicated by Illumi-
notivn of a strobe light), all six reference (five on the du-y) points
were noted and marked. These marks were referencPA to a common grid
representing horizontal and vertical axis. The purpose of the grid was
to provide a scale factor for the analyzer and a zero reference from
which to measure all displacements. Approximately 14 points were plotted

bon a 600 MS time base. This information was simultaneously fed into an
IBM 026 card punch machine and printed on standard IBM punch cerds. After
all the films had been analyzed, the punch cards, including scale far?,or
and zero reference information, were fed into an ALWAC Model Ill-C Digital
Computer from which a tabulated read-out for each drop tower test was ob-
tained (Tables 2, 3, and 4). This read-out gave displacement data in
inches correct to the second decimal place for each body reference point
in relation to a fixed reference axis common to both the live subject and
the dummy. This information was then placed on another set of punch
cards and these in turg were fed into an E.A.I. El6tronic Data Plotter.
which translated the tabulated digital information into data plots on two
coordinate paper. (Figures 2 through 106).

Results of 95 Percentile Tests

SHOULDER POINT

Vertical - While the input deceleration was acting on the human, the
maximum displacements in all the tests utilizing the 95%t.le subject
occurred between 80 and 100 milliseconds. In five out of 6 tests, the
maximum displacement occurred at exactly 80 milliseconds. For the dummy
under the same conditions, 5 tests had peak displacements occurring at
exactly 60 milliseconds. All these tests were at different 'G' levels
and varying drop heights. The peak displacement (herein referred to as
P.D.), in each test increased as the 'S' level increased. The dummy
shoulder displacements t_ nded towards a miaximum at about 10 'G', which was
the highest IGI level tested in this series. The human displacements kept
increasing as the 'G' level was increased. The more force that is applied,
the more the displacement because of the flexibility of the human body.

-3-
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Horirontal - As evidenced by the data plots, the human subject
tended to lean into the shoulder harness after rebounding off the back
of the seat, wtiereas the dummy in all cases was pressed back into tha
seat. The amount of displacement bf the live subject in the horizontal
direction was clearly seen to be dependent primarily upon how tight the
subject strapped himself in before each test drop. Obviously, the more
slack in the harness, the greater the tendency to displace forward. In
Test #60, the subject tightened the shoulder harness as much as comfort
allowed. This kept him back in the seat with little forward displac-
ment. In Test #61, the subject purposely did not tighten himself as
much, although he was still reasonably tight. As expected, the subject
experienced the same type of response, but with more forward and less
aft movement.

The dummy was strapped in only once before the test series, and its
horizontal movements were practically similar throughout, The c.g. loca-
tion of the torso, together with the position assumed by the subject in
the 'seat, will determine whether the subject leans into the harness or is
pressed back into the seat during the deceleration input pulse.

THIGH POINT

Vertical - The thigh point of the human during the deceleration
pulse reached a P.D. in the first test of the series, at 4.9 G's. In all
succeeding tests the deflections remained fair y constant at all 'G'
levels.. Tho peak displacements in all tests occurred between 100 and 120
milliseconds, with the greater percentage occurring at 100 milliseconds,
For the dummy under the same. conditions, the deflections became constant
at approximately 7.6 G's. Thi time for the dummy's thigh to reach its
peak displacement during the initial deceleration pulse was constant at
40 m-iliiseconds despite varying input parameters.

It was not expected that the motion of the thigh point of the human
would be similar to his shoulder motion, since the deflection of the thigh
is limited due to the rigid platform supporting it and the physiology of
the thigh region.

On the other hand, the motion of'the thigh point and shoulder point
of the dummy was similar. This was as expected because of the rigidity
of the dummy construction which prevents any relative motion between its
joints in the vertical direction. The dummy is free to rotate only about
its joints and cannot simulate compression of its internal structure in
the input direction, as is possible in the human.

-4-
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Horizontal - The thigh point on the human displaced forvard, although
its maximum movement never exceeded .43 inches. This, of course, is con-
sidered very stable. A

-The dummy thigh was also-extremely stable in that it displaced less
than the human, but in the aft direction. Any large horizontal displace-
ment of the thigh that might occur could primarily be attributed to sub-
marining.

KNEE POINT

Vertical - Both the human and the dummy exhibited the same type of
response, although in the human the vertical deflection3 were slightly
larger. The times required to reach peak displacement for both were simi-
lar at 40 milliseconds.

The horizontal displacement of the human knee reached a maximum of
.81 inches in the forward direction. The dummy displacements were very
constant throughout the entire test series, reaching a max:mum of only
.2 inches.

Although it is believed that no meaningful correlation can be made
between the head points of the human and dummy because of the different
types of motion that took place during the deceleration pulse, the dis-
placements obtained are useful for predicting what each will do.

Vertical - From the data plots, it is apparent that there is a fairly3 predictable pattern to the vertical head displacement. (Disregarding
Test #35). The displacement of the head is a combination of the downward
displacement of the torso and the rotation of the head with the greater per-
centage being attributed to downward displacement of the torso in the case
of the human.

Horizontal - The horizontal displacements of the human temple point
are random and completely unpredictable. The motion does indicate that the
point is moving forward. The corresponding point on the dummy was not con-
sidered in this test series.

-5-
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EYE POINT

Vertical - The eye point in the human followed a very definite
pattern of increasing vertical displacement with increasing tGI level.
With the exception of Test #35, the displacements appear to approach a
linear relationship. The dummies eye point in the vertical direction
displaced more than the human, but this is due mainly to the forward ro-
cation of the dummies head.

Horizontal - The motion of the humans eye point tended towards a
maximum forward displacement at the 10G level, which was the highest G
level tested. The dummies eye point also displaced in the forward direc-
tion. 1ihe dumies eye displacement far exceeded tuhe hum-nr, due to theIgreater amount of forward rotation of the dumies head. For future
dummy use, the head should be adjusted by tightening,to more closely re-
semble the motion of the human.

NOSE POINT

Vertical - Both the human and dummy nose reference points show a
consistent increase in displacement with each increase in the 'GO level.
The human showed no tendency to reach a maximum, while the dummy tended
to reach a constant peak displacement a. the 8 G level. The vertical
displacements resemble those which were obtained for the eye point.

Horizontal - The horizontal motion of the human's nose reference

point was very similar in magnitude to that of the eye point. This is
ievidenced by an increazing displacement with increasing G level in some

predictable manner.

The 'dummies nose point, on the other hand, did not displace as much
as its eyi point. At first glance this would seem to be inconsistent.
However, the values obtained are realistic and this is due to the amount
of rotation of the dummies head. Because of the respective locations of
temple, eye, and nose, and the geometry of the motion, a rotation of the
head about a fixed point will usually result in three different absolute
displacements in the X and Y direction for each point. If no rotation had
occurred, the displacements would be expected to be similar.

-6-
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Results of 5 Percentile Tests

ANH-2 REED & 5 PERCT' TILE DUMlY
SHOULDER

Vertical - The 5 percentile human subject tended to continue displac-
ing during the entire time that the input pulse was being applied. This_ is i" contrast to the 95 percentile subject which reached a P.D. in the
earl, )art of the input puls,. The 5 percentile dummy displacements were
similir to the 95 percentile in that they reached a P.D. in the early
porticu of the deceleration, although not at the same time.

The human's displacement increased slightly with eAch increase in G
level, except for the last test which decreased slightly. This may orI may not indicate an absolute P.D. For the human 95 percentile tests, no
absolute maxlmzm was indicated, as was pointed out earlier. The 5 per-
centile dummy reached a P.D. during the first test at 4.7 G's and remained
very constant for the remainder of tests. Thip compares favorably with
the 95 percentile dummy. Both the 5 and 95 percentile dumies compare
closely at each G level.

EHorizontal - In this series of tests, the dummy horizontal motion was
very stable at all G levels. The human's motion is clearly see to be an
increasng peak displacement with each increase in G level. The direction
of displacement was forward into the harness, as was the 95 percentile
human.

Vertical - The peak displacement of the dumny's thigh never exceeded
.65 inches and was essentially the same in every test. The human's peak
displacement varied between .69 inches and 1.29 inches. The peak displace-'ments of the 95 percentile dumuy were consistently higher than the 5 per-
centile dummy, but never more than approximately .5 inches. The displace-
ments of the 95 percentile human were less than the 5 percentile human in
each corresponding test.

Horizontal - The peak displacements of the human's thigh were very
stab1 at A2 inches in the forward dircction and compared closely with
the motion of the 95 percentile subject. The dun~ny's displacements were
very small except for the last test at 9.6 G's, which reached a peak of
1.32 inches during the first .4 seconds of the deceleration pulse and then
decreased to no more than .3 inches for the remainder of the pulse. The
dummy's displacements were fcrward as compared to the 95 percentile dungy
which had a tendency to displace aft, as well as forward.

7-
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I
KNEE

Vertical - The human knee point peak displa ;emento increased with
each successive increase in G level, as did the 95 percentile human,
although the 95 percentile human's displacements were larger at the
higher G levels. The dumy's displacement also increased very slightlyI with increasing G level, excluding the first test. The 5 percentile
duimy displacements were sl-gbtly lees than the 95 percentile dummy dis-
placements.

Horizontal - The motion of the humant s knee in the horizontal direc-
tion chows that the displacement is in the forward direction. The dia-
placewoets increased with increasing G level with the exclusion of the
last test which was slightly Ies than the preceding test, but more than

N the first two. The magnitudes of the P.D.'s were similar to that of the
95 percentile human.

With the 5 percentile dusy, the knee displaced slightly forward
and aft during the first test at the 4.9 G level. The remaining tess
all displAced forward. The only significant displacement occurred
during the last test at the 9.8 " level. In this test, the peak displace-
ment of the knee reached a mzxiamm of 1.18 inches at .02 seconds of the
pulse and then returned to a =ixiwm of .27 inches for the second half of
the pulse.

The photographic coverage of the temple, eye, and nose points of both
the human and dumy were not obtained to any usable degree for anatysis
purposes, due to excewsive shadows cast by the drop tower structure on
both the human and dumay.

Results of 50 Percentile Tests

HMV BRICE & 50 PERCENTIIE DUff
MULIDER POIN

Vertical - The P.D, of the subject approximating a 50 percentile
human reached a maximum at the 8.3 G level and shoved a slight reduction
in displacement at the next highar G level. This pattern of motion is
identical to the subject representing the 5 percentile, although the mag-
nituds of the displacements vary. From these tests, there does not appear
to be any correlatiou between the various percentile humans and the magni-
tude of the dis-plac-ments at the various G levels.

i -8-
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The dummy maximum displacements increased slghtly with each increase
Zi- in G level which is similar to the 95 percentile dummy, but in contrast to

the 5 percentile, in which the P.D.'s were fairly constant.

Horizontal - During the first two tests with the human subject, the
shoulder point moved fore and aft throughout most of the deceleration pulse.
In the third test at 8.3G's, the subject tended to move slightly forward.
In the last test, the subject's shoulder point tended to displace slightly
aft. The 50 percentile dumy displaced aft in all the tests. All of the
horizontal displacements, both fore and aft, of human and dummy, were le3s

9iN than one inch.

THIGH

Vertical - Lhe human's maxium thigh displaccment nuever exceeded .8Pinches in any of the tests. This compares with the 95 percentile subject
whose P.D.'s never exceeded .91 inches and the 5 percentile human's P.D.,
which reached approximately 1.28 inches at both 4.7 G's and 9.6 G's. The
dummy's P.D. points varied between .8 Inches and 1.3 inches.

Horizontal - The direction of the human's horizontal displacement was
-forward and never exceeded .6 inches. The dummy's dioplacements were for

all purposes aft, as was the case with the 5 and 50th percentile dumlies.
The displacements never exceeded .54 inches.

'Vertical - The displacement of the human's knee point was seen to vary
only slightly from one test to another. The displacement of the human's
knee point was conaistently greater than that of the dummy. The dummy's
P.D. was .79 inches. With the exception of the firat test, the hma's knee
point displacement increased slightly with each increase in G level.

The dummy P.D.'s were not consistent with an increase in G level.

Horizontal - The horizontal P.D. for both the human and dumzv was ex-
tremely small. The human's displacement reached a peak of .6 inches in
the forward direction. The dumm's P.D. was only .34 inches, but in the
aft direction, as had been the case in the two preceding test series.

-9-
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TEMPLE POINT

Vertical - The displacement of the human's temple point increased with
each increase in G level. The P.D.'s are very similar to those of the 95
pe&'centile human and are a combination of the downward displacement of the
torso and rotation of the head. This point was unobtainable on the 5 percen-
tile human. Only three data points were obtained for the 53 percentile
human.

Horizontal - The P.D.'s of the 50th percentile human's temple point
were greater than those of the 95 percentile. At the highest G level tes-
ted, the 50th percentile's P.,D. was about 1.3 inches greater than ttat of
the 95 percentile. The horizontal motion of the head points do not necessar-
ily have to follow the horizontal motion of the shoulder. In this case they

F certainly do not. The head can rotate and stretch forward while the shoul-
ders press aft into the seat.

EYE PO- T

Vertical - Only two data points were obtained for both the human and
durnTy, and the only indication is that the dumy vertical displacements are

Egreater, as they were in the 95 percentile series. The horizontal data is
inconclusive.

NOSE POINT.

Vercical- The human's P.D.'s we:re fairly constant. The dummy's dis-
placements were slightly larger due to a greater amount of rotation of the
dummy's head. ao was the cise with the 95 percentile series.

Horizontal - The human's horizontal P.D.'s were also fairly constant
and, in the horizontal direction, the dumay's P.D.'s were less than those
of the human.
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FIGURES 2 TERU 43

DATA PLMT 0F C. BROOKSi AND 95 PE1MENTILE DtlIY

W IMPACT

MTEST NO. G LEVEL VrEWCITY

34 4.9 44 FPS

39 9.0 33 FPS

40 10.0 33 FPS

60 8.4 33 FPS

61 8.1 44 FDS
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DEPARTMENT OF THE NAVY

NAVAL AIR DEVELOPMENT CENTER
JOHNSVILLE

WARMIiTErR. PA. 11174 ACCA

1 9 A lC !968

From: Commander, Naval Air Development Center Johnsville, Warmineter, Pa. 18974
To: DISTRIBUTION LIST

Subj: Report No. NADC-AC-6808; corre:tion of

Ref; (a) Report No. NADC-AC-6808, "Comparative Study of Body Displacements
in Both Humans and Anthropomorphic Dummies When Simultaneously
Subjected to Controlled Vertical Impact Type Decelerations" of
8 Apr 1968

Encl: (1) Three separation pages for Figures 2 through 65
(2) Pages vii and viii

1. Because of an error in the figures contained in the reference (a) report,
it is requested that the following action be taken:

a. Replace the three separation cover sheets that indicate Figures 2
through 106 with the corresponding pages contained in enclosure (1), which con-
tain the correct number of figures 2 through 65.

b. Place ths figures in th% .+roper consecutive order.
lI

c. Replace pages vii and viii with enclosure (2).

d. Page 3, paragraph 2, last sentence, change "(Figures 2 through 106)"
to "(Figures 2 through 65)".

L. W. MEAKhI
By direction

CLEARINGHOUSE
fot l~ed'ra, .,,el.t & Thc. " ca;
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47-65 Data Plots of HN-2 D. BRICE and 50 Percentile
Dummy
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II Tabulated Displacement Data Showing Body Movement of
AME-3 C. BROOKS and 95 Percentile D-u=my

III Tabulated Displacement Data Showing Body Movement of
HM-2 D. BRICE and 50 Percentile Dumy

IV Tabulated Displacement Data Showing Body Movement of
AMH-2 L. REED and 5 Ptrcentile Du=:y
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FIGIURES 2 THROUGE 31

DATA PLOTS OF C. BROOKS AnD 95 PERCEMIiLE DUM(Y

!MPACT
TEST NO. G LLVEL VELOC-T1

34 4.9 44 FPS

39 9.0 33 FP:

40 i0.0 33 FPS

60 8.4.,3,P

61 8.1 44FP
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rvICTXS 32 THROUG 46

DATA PLOTS OF L. 1RJ AND 5 PKRCENTL DUMKY

tTEST NO. GT.ZVY1 _______

41 4.9 44 FPS

42 7.1 4 FPS

43 9.0 33 FPS

44 10.0 33 FPS
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F-GUS 47 Tf RlOtg 65
DATA PLITS OF D. BICE AD 50 PERCErnxM Dftff

f

IMACT

36 4.9 44 Fn5

37 7.1 44 FFS

45 9.0 33 Fn5

46 10.0 33 FPS


